Abstract -Protein-Protein Interaction (PPI) networks are important as they provide clues about the functions of individual proteins as well as enable system level analyses of cellular processes. Predicting hub proteins, the highly connected proteins in PPI networks, is a challenging computational problem. This paper proposes a method for predicting hub proteins from sequence information with 76% accuracy, 84% sensitivity and 71% specificity. In this method, a biodiversity measure, Shannon Index, is used along with an amino acid attribute Transfer Free Energy to Surface (TFES) to distinguish hub proteins from non-hub proteins. Also an analysis of disorderliness in hub proteins revealed that some amino acids have higher composition in hub than in non-hub.
Introduction
In Bioinformatics, one of the important data set is protein. They are the work horse of life whose importance can be understood from the following sentence:" Right time, Right place and Right quantity of protein production makes one healthy". Proteins are available in the form of character sequences these sequences contain many hidden attributes, revealing of which is one of the problems in Bioinformatics and is a major research area.
Protein-Protein Interactions (PPI) are essential to most biological process and can aid significantly in identifying the function of new discovered proteins [1] [2] [3] . Both experimental methods and computational tools for identifying PPI pairs have given rise to huge amounts of data. Some such sources of data are BioGRID, DIP etc. Studies have revealed that abnormal interactions may have implications in a number of neurological syndromes [4] , which again ratifies the importance of PPI.PPI are visualized in the form of a network (map) where each node represents a protein and each link represents an interaction between a pair of proteins (see Fig 1) . One of the attributes that can be associated with a node of a network is its degree of connectivity (k), which gives the number of links connected with a node. A notable feature of the PPI networks is their property of power-law and scale-freeness [6] [7] [8] . According to this model the probability of connecting to a new node in the network is proportional to the degree of connectivity of the existing node [6] . Thus a highly connected node has more chance of attracting a new node and thereby increasing its degree of connectivity. Such highly connected nodes are known as hubs and they are few in number in a power-law distribution. In other words, hubs are ubiquitous network elements with high connectivity [6] . Since PPI network follows a power-law distribution, as the studies have revealed, it follows that there are some proteins (nodes) with have high degree of connectivity than other proteins of the network. A protein (node) in a PPI network can be classified as a hub or as a nonhub based on the extent of connectivity [6] . Hub proteins are three times more essential than the non-hub proteins and they play an important role both evolutionary and physiologically [7, 9] . Hence they may constitute an important pool of attractive drug targets. They have a major place not only in information management within a network but also as regulatory molecules [6, 10] . Hence, the computational identification of hub proteins is one of the current topics in Bioinformatics. General techniques of PPI network maybe classified as experimental and computational. The experimental (large-scale proteomic experiment) techniques though they have vast coverage and sensitivity, do not give much information about the interacting residues. Computational analysis of PPI network is based on various attributes like gene proximity, gene fusion events, phylogenic profiling, identification of interacting protein domains and text mining techniques. Each of these approaches has its own strengths and weaknesses especially with regard to sensitivity and specificity. All the computational prediction of PPI techniques has focused on the identification of pair wise proteinprotein interactions with varying degrees of accuracy. But none of them explicitly focuses on predicting hub proteins. The proposed method gives attention to prediction of hub proteins, the proteins with very high connectivity, from the amino acid sequences. The classical point of view on protein function claims that the functionality of a protein requires the presence of a well-defined three-dimensional structure [11] . But experimental evidence have pointed out that there is a large number of proteins that do not require a stable structure even under physiological conditions in order to fulfill their biological role [11] [12] [13] [14] [15] . Such proteins are known as intrinsically disordered proteins (IDP) or intrinsically unstructured proteins (IUP). It has been recently suggested that IDP play an important role in PPI [12, 14, 16] . Literature review has revealed that intrinsic structural disorder is a distinctive and common characteristic of eukaryotic hub proteins, and that disorder may serve as a determinant of protein interactivity [16] . Recent evidence points to the preponderance of structural disorderliness in hub proteins compared with non-hub proteins [6, 16, 17] . In this paper a method is described to predict hub proteins from its sequence information. The proposed method when applied on a set of proteins of rat was found to have accuracy, sensitivity and specificity of around 76%. One more work done on this paper is an analysis of disorderliness in hub proteins. Literature review has revealed that for a disordered protein its amino acid (AA) composition is different from that of the normal proteins. This analysis revealed that amino acids C and P have lower composition in hub than in non-hub.
Data
The data used for this method is chosen from APID [17] database that contains details about co-interacting proteins (proteins that have physical interaction). APID (Agile Protein Interaction Data Analyzer) is an interactive tool that allows exploration and analysis of main currently known information about PPI.. It provides an open access frame where all known experimentally validated protein-protein interactions from various data bases like BIND, BioGRID, DIP, HPRD, IntAct etc are unified in a unique web application that allows an agile exploration of the interactome network and includes certain calculated parameters that weight the reliability of a given interaction like degree of connectivity, cluster coefficient etc [17] . In this paper the attribute degree of connectivity (k) that provides number of interactions of each proteins is used for obtianing characterisitics of hubness of proteins. The dat set was obianed by searching for protiens of 'rat' from this data base. Such a search was made since it is well known that generally for all clinical experiments rats are used initially, the success of which leads the researchers to do experiment on humans. The search result yeilded 4760 proteins ID's from various organisms like Human, Yeast, Rat, Ecoli etc. These ID's were downloaded and the correponding protein sequences were obatined from PDB (Protein Data Bank). All of the 4760 proteins, with connectivity ranging from 1 to 315 were selected from this database. Of the 4760 data it was possible to get sequence of 4753 only. Currently there is no consensus on exactly how many interactions a hub protein should have [9] . In this paper a protein is considered to be a hub if the number of interactions is at least four as per the convention followed in [8] . All of the 4753 data were split into two sets depending on its connectivity as 1630 hub and 3123 nonhub.The attributes of the data used in the proposed method are given in Table I . The first row of the table gives information about number of proteins in the test data set of hub, train data set of hub, test data set of non-hub, train data set of non-hub and total number of proteins in the data set. The second row specifies the number of interactions in each of the four data sets and the total number of interactions. The third, fourth and fifth row gives the information about the minimum, maximum and average degree of connectivity (Min k, Max k, and Avg k) of proteins in the four data sets -test data set of hub, train data set of hub, test data set of non-hub, train data set of non-hub. From the last row, average connectivity, it can be seen that train and test set have similar attributes in terms of connectivity. Another attempt that is made in this paper is the analysis of disorderliness in these proteins. Literature review revealed that disordered proteins have a specific amino acid composition that does not allow the formulation of a stable well-defined structure [19, 20] . Composition of amino acid of globular proteins which have a stable well-defined structure is given in [11] (see  table II ) and is used for analysis of disorder in the data set.
Method
It is widely known that many of the revelations in the genomic data emerged from sequence information [21] [22] [23] [24] [25] [26] . The method proposed in this paper, to predict hub proteins, takes as input the sequence information of proteins. In this method a biodiversity measure Shannon index (ShannonWiener index) [27] is used to reveal the characteristics of hubness of a protein. Shannon index is considered as an important tool in information theory and statistical Physics and is well known as 'sequence information extractor' [28, 29] . This index gives a measure of relative diversity among organisms present in different ecosystems. It may be viewed as a measure of average degree of "uncertainty" in predicting to what extent an element may belong to a given set. The Shannon index technique has been adopted here to map each protein sequence to a numerical value which is used as an index measure of that sequence. A few examples are given below to illustrate how the index is obtained from a sequence of characters. Consider a sequence 'abcdef' of length 6 made up of different characters. Then Shannon index for this sequence is: (6*log 6-(1*log 1+1*log1+1*log1+ 1*log1+1* log1+1 *log1)) / 6. Consider a sequence 'aabbcc' of length 6 made up of 3 different characters. Then Shannon index for this sequence is (6*log 6-(2*log 2+2*log2+2*log2)) / 6. To generalize, assume that a sequence S is made up of alphabets a1, a2, …. with frequency c1, c2, ….. and the total length of S is n. Then Shannon index corresponding to this sequence is given by:
Obviously, the value of this index measure depends on the frequency of each amino acid in a protein sequence. It will range from 0 (the worst case when the sequence is made up of only one alphabet) to logarithm of the length of the sequence (the best case when the sequence is made up of all different characters). From the formula it follows that Shannon index depends on the sequence information and so it can be considered as an attribute of the sequence. In the proposed method this index measure is used to predict if that protein can belong to a particular set or not. The proposed method is a two stage process. In the first stage the characteristics of hub proteins are found from a train set of hub proteins. Similarly in the case of non-hub proteins train set also the characteristics were obtained. For this purpose the hub and non-hub data each where split into two sets -train and test sets. Shannon index value was obtained for each of the protein sequence in the training sets of data. The average of the respective training set of hub and non-hub is taken as their characteristic value which is used for hub prediction. A target protein, which is to be classified as hub or non-hub, is an element of the test set. Table III which was used in the proposed method. The training sequences were subjected to this classification and then, on the new sequence so obtained Shannon index was calculated. The average of this measure of all hub and non-hub training set gave rise to another characteristic of hub proteins. When TFES was used for hub prediction the accuracy was found to be 52% only. But when a combination of Shannon's Index and TFES was used, it was found to be a better predictor and the accuracy obtained was 76%.
The combination condition used for a target protein to be a hub protein was to check the nearness of the target protein with the two characteristic values obtained as described above. All data from the test set were subjected to this process and the number of correctly predicted hub and non-hub proteins is provided in Table IV . The accuracy, sensitivity and specificity of the proposed method on the data set is given in table V. The proposed method was applied on the whole data set obtained on searching for 'rat' in the database APID. The sensitivity obtained was 84% where as specificity was 71%. The low specificity may be due to the failure of the training data set to give an exact characterization. The accuracy of the proposed method is 76%. The proposed method was also applied on the data set of hub classifier, obtained from literature survey [9] , which is a large set of data consisting of 21108 sequences from eukaryotes and prokaryotes. It was found to yield a sensitivity of 74%, specificity of 81% and an accuracy of 80%. The proposed method's sensitivity is far greater than what is stated in the literature which is only 34.41% where as the accuracy and sensitivity are less in the proposed method than what is stated in the literature which are 84.96% and 90.27% respectively. It follows that the proposed method can be considered as a better procedure for prediction of hub proteins.Table V also gives the sensitivity, specificity and accuracy obtained when experiment was conducted using the two different procedures individually and not as a combination, on both the set of data, data from APID and that from literature. It is very much evident from Table V that one characteristic alone is not sufficient for predicting the hub proteins where as a combination of both characteristics yields a higher percentage of prediction. From the results it can be seen that hub classification using proposed method is more suitable for predicting hub proteins. A plot of the data set when subjected to the proposed method is given in Figure 1 . There are four quadrants in each figure which correspond to that of non-hub training, hub training, non--hub test and hub test data. The x-axis indicates each protein in a set and y axis indicates the numerical value of a These values where compared with AA composition of globular proteins in three different ways as follows.
Comparison 1:
AA composition of hub / non hub < AA composition of globular proteins For each sequence in hub it is checked whether the AA composition of each amino acid is less than that of the globular proteins. The same process is repeated with that of non-hub sequences. Then the percentage of sequences which satisfies the required condition is evaluated. These results are given in Considering the last column diff with values >= 2 or < = -2 it is seen that 1. List of AA that is higher in hub when compared with Non hub -nil 2. List of AA that is lower in hub when compared with Non hub -c, m, p, r
Comparison 3:
| AA composition of hub / non hub -AA composition of globular proteins | < 1.0 In the third case for each sequence in hub it is checked whether the absolute difference of AA composition of each amino acid and that of the globular proteins is less than 1.0. The same process is repeated with that of non-hub sequences. Then the percentage of sequences that satisfies the required condition is evaluated. These results are given in table VIII. The columns of this table are similar to that of the previous table. It can be seen from the table that for both non-hub and hub proteins the percentage of sequences satisfying the given condition is highest for the amino acid 'H' and lowest for 'V'
Considering the last column diff with values >= 2 or < = -2 it is seen that 1. List of AA that is higher in hub when compared with Non hub -f, k, v, y 2. List of AA that is lower in hub when compared with Non hub -c, e, m, p, q, r, w In summary the conclusions that can be drawn from the above three comparisons are given in Table IX .
Conclusions
For predicting whether a target is a hub protein or not in a PPI networks, a method is proposed which gives more than 76% accuracy for data set. The method was applied to a random set of data from eukaryotes and prokaryotes, obtained from literature survey, was also found to have almost similar accuracy. It was primarily Shannon index which was used in the proposed method to map a protein sequence to a numerical value. This index measure depends on the count of each amino acid in a protein sequence. To improve the accuracy of the method, another characteristic known as Transfer Free Energy was also used for classification. With a combination of these two characteristics, the proposed method could produce an accuracy of 76%, sensitivity of 87% and specificity of 73% with an exhaustive protein data of 'rat'. Even on a data set containing both eukaryotes and prokaryotes (data from literature [9] ) the proposed method was able to predict with an accuracy of more than 74%. One of the findings in [9] was that different organisms have different hub connectivity threshold. Application of the proposed method on the various sets of data also indicates the same. Also the authors are of the opinion that if the exact hub connectivity threshold could be found out for each organism, the accuracy of the proposed method can be improved tremendously. Literature review failed to find any method belonging to this category. Only data set for prediction of Hub was obtained. That data set was used in the proposed method gave better sensitivity than that reported in the literature. Another work reported in on this paper is the analysis of AA composition in hub and nonhub proteins by comparing it with the AA composition of globular proteins. The analysis revealed that some amino acids have higher composition in hub than in non-hub. In particular it is found that the amino acids C and P have higher composition in non-hub than in hub. This result may also be incorporated to predict hub proteins in future works.
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